SEVERAL distinguished authorities have recently questioned the widely held belief that death rates from ischaemic heart disease (IHD) have increased during the present century. Robb-Smith (1967) has devoted a monograph to the subject and concludes that the evidence in favour of any real increase is very insubstantial. He believes that the apparent increase in IHD mortality in England and Wales can be entirely explained by the ageing of the population and by the changes in medical terminology which have taken place during the past few decades. Similar conclusions have been reached by Campbell (1963a, b) and Bedford (1968) in Britain, and by Moriyama and Woolsey (1951) and Lew (1957) in the United States.
The resolution of this controversy is of more than academic interest, since a substantial part of the current large-scale effort to control IHD through public health education and aetiological research is based on the belief that some modem factors in our way of life are responsible for the present 'epidemic'.
We have therefore re-examined the evidence provided by death certificates, taking care to avoid the pitfalls documented by Robb-Smith and the other critics. Our study has been restricted to deaths occurring among men aged 45 Herrick (1912 Herrick ( , 1919 ) that non-fatal coronary thrombosis came to be recognized as the underlying lesion in many cases of 'myocarditis' or 'fatty degeneration of the heart'. In any retrospective study it is therefore necessary to take account of these changes in medical terminology if misleading conclusions are to be avoided (Stewart, 1950; Platt, 1951) . In addition to errors resulting from a lack of knowledge of ischaemic heart disease in the past, errors may also have occurred in the diagnoses appearing on death certificates as a result of the physican's misinterpretation of symptoms and physical signs. Thus dyspnoea of cardiac origin may sometimes have been ascribed to bronchial asthma, ankle oedema to Bright's disease (chronic nephritis), substernal pain to indigestion, and sudden death to apoplexy or cerebral haemorrhage. Rheumatic and syphilitic heart disease may also have been overdiagnosed in the past at the expense of ischaemic heart disease (Campbell, 1963a, b) .
We have attempted to circumvent some of these problems by using three definitions of ischaemic heart disease. First, a narrow definition of 'pure' IHD in which only terms such as angina pectoris, arteriosclerotic heart disease, and coronary thrombosis were accepted. Second, a somewhat broader definition in which, in addition to the preceding terms, certain non-specific diagnoses were accepted such as heart failure, myocarditis, cardiac dropsy, and organic heart disease. Third, a very broad definition in which rheumatic heart disease, chronic nephritis, cardio-renal disease, asthma, indigestion, hypertension, and apoplexy were included. It was hoped that the first and third of these definitions would provide a form of lower and upper probability limit for the true rate of IHD mortality, and that over the years there might be common trends in all three definitions which would enable valid conclusions to be drawn. (Spain, Bradess and Mohr, 1960 SUDDEN DEATHS Rates of sudden death in men aged 45-64 were obtained in essentially the same way as described for cardiac deaths. In the earlier years, because of the small number of sudden deaths encounteredin the original samples, the sample size was increased, in some cases up to approximately 10,000 certificates (Table II) . The form of certificate in use around 1941 did not request, or provide space for, information on duration of illness, and this year has therefore been omitted from the calculations.
Details were recorded from every certificate in which death was ascribed to natural causes (i.e., not accident, suicide, etc.) and in which death was said to have been 'sudden', irrespective of the diagnosis appearing on the certificate.
Initially, our definition of sudden death was broadened to include those deaths in which the duration of final illness was said to be one hour or less. However, it was found that the number of such deaths fluctuated widely, according to the form of certificate in use at the time. Thus in recent years many certificates contained several durations, e.g., 'arteriosclerotic heart disease-S years; coronary thrombosis-3 days; second attack-10 minutes'. In earlier years, when there was only space on the certificate for the cause of death, such a sequence might have been shortened to 'heart disease-5 years', or 'acute heart failure-3 days', thus reducing the apparent frequency of 'sudden' death. The use of the word 'sudden' on a certificate implies not only that death was preceded by an illness of short duration but that it was unexpected, and such information appears to have been less affected by the form of certificate in use at the time. Furthermore, rates based on this definition of sudden death are more likely to be comparable to rates obtained from coroners' records.
Diagnoses were grouped into the following categories (the first two of which are the same as those used for total cardiac deaths):
Ischaemic heart disease (angina pectoris, coronary thrombosis, etc.) Non-specific heart disease (heart failure, (Table III) . Diagnoses were divided into two groups, the first of which corresponds to the first two categories used in total cardiac deaths.
Ischaemic and non-specific heart disease (angina pectoris, coronary thrombosis, etc.) All other disease deaths (excluding deaths from violence).
Census figures for the male population of Toronto aged 45 to 64 were used to calculate rates per 100,000 in census years (1931, 1941, etc.) and census-based estimates of this population were used to calculate rates in intercensal years. Deaths occurring in nonresidents were not separated from those occurring in residents, since the number of non-residents was small (about 4 % of total) and showed little variation from year to year.
The regression line for the death rates between 1936 and 1951 was based on regression equations calculated by the standard method of 'least squares' (Snedecor, 1956 ).
RESULTS
The changes in death rates may be examined most conveniently in two stages, from 1901 to 1931 -and from 1931 to 1961. The trends since 1931 are the least ambiguous and will therefore be considered first.
1931-61
Death rates based on all three definitions of ischaemic heart disease showed a marked rise during this period (Table I and Fig. 1 ). For the narrowest definition ('pure' IHD, Table I , category 1) the rates rose from 142 to 681 per 100,000 while for ischaemic heart disease; * -ischaemic and non-specific heart disease; 0 0 all possible ischaemic heart disease. Table I , categories 1 to 3) the rate rose from 357 to 759 per 100,000. If the true IHD rate can be assumed to lie somewhere between these two extremes, then the increase in rate must have been at least of the order of 1-9:1 (from 357 to 681 per 100,000).
During the same period the sudden death rates based on death certificates more than doubled, the unadjusted rate rising from 42 to 95 per 100,000 and the adjusted rate from 57 to 119 per 100,000 (Table II and Fig. 2) . The increase in both rates occurred entirely during the first 20 years, and the rates then declined slightly between 1951 and 1961. Similarly, the rate at which deaths from natural causes were reported to the Toronto coroner's office rose from 256 per 100,000 in 1931 to 630 per 100,000 in 1961 (Table III and Fig. 3) . The increase was due largely to deaths ascribed to ischaemic and non-specific heart disease, which rose from 170 to 542 per 100,000 during this period. In 1931 57% of these diagnoses were specific for ischaemic heart disease, and by 1961 the proportion had risen to 99 %. These figures must, however, be interpreted with caution, since a change in the rate at which deaths are reported to the coroner may result from a change in reporting policy, as well as from a change in the incidence of disease. This problem may be overcome to some extent by using the rate for noncardiac conditions as a control and restricting the study of heart disease deaths to a period when the reporting rate for these other conditions was stable. Such a situation existed between 1936 and 1951, during which time the rate for non-cardiac conditions showed virtually no change, while the rate for deaths due to ischaemic and non-specific heart disease rose from 184 to 369 per 100,000. A regression line has been calculated on the rates for the years 1936 to 1951 and extrapolated back to 1931 to give an estimated reporting rate in that year of 164 per 100,000. For 1951 the regression line estimate of the death rate was 428 per 100,000, which is 2-6 times the 1931 figure. For other disease deaths the extrapolated regression line shows a barely perceptible rise, from 125 per 100,000 in 1931 to 130 per 100,000 in 1951.
The absolute values of the sudden death rates based on death certificate information were considerably lower than those based on coroners' records. For example, in 1951 even the adjusted death certificate rate (124 per 100,000) was only a quarter of the coroner's rate (495 per 100,000). This suggests that sudden death was under-reported on death certificates, but presumably the degree of under-reporting was similar in 1931 and 1951, so that the proportional increase in rates was unaffected. Whether the degree of under-reporting on death certificates remained the same between 1951 and 1961 cannot be determined since the general rise in the coroners' reporting rate during this period limits the usefulness of these figures as a source of confirmatory data. It is therefore uncertain whether the rising incidence of sudden deaths continued after 1951, or whether (as indicated in Fig. 2 ) the incidence declined.
An additional source of uncertainty concerning all the rate changes observed in this study is the relatively large degree ofrandom variation which may occur in estimates based on small samples. The poten-
The similarity of the increases in rate shown by these various indices of cardiac mortality is evident in Table IV. In the light of these figures the con- clusion seems inescapable that mortality from heart disease among middle-aged men in Ontario approximately doubled during the 20-year period 1931 to 1951. Since the rate from the other major forms of heart disease declined during this time (Friedberg, 1966 ) the increase was almost certainly due to an increase in ischaemic heart disease mortality. Between 1951 and 1961 the evidence of an increase in IHD is much less convincing. According to our sample estimates, there was an increased rate for all three definitions of IHD (Fig. 1) , but the increase was smaller than that seen in the previous two decades and was well within the 95 % limits of sample error. Official mortality figures during this period showed a slight decrease in the rate for all diseases of the heart, from 638 to 629 per 100,000 and in the rate for all diseases of the circulatory system, from 672 to 654 per 100,000. It seems probable therefore that there was little or no change in the IHD death rate after 1951, and the trend shown by our sudden death rates (Fig. 2) is consistent with this view.
1901-31
There is no clear evidence of an upward trend in IHD mortality before 1931. The death rate for our narrowest definition of ischaemic heart disease rose by a factor of 20 between 1901 and 1931 (Table I and Fig. 1 ), but neither of the broader definitions showed any consistent trend, and the fluctuations which did occur in these rates were well within the limits of sample variation (Fig. 4) .
If the death rate at which sudden deaths were reported on death certificates can be taken as a valid index of total IHD mortality, then the latter must have doubled during this period. However, as previously discussed, there appears to be con-siderable under-reporting of sudden deaths on death certificates, and a relatively small variation in the certifying habits of physicians could well be responsible for the doubling of the sudden death rate over this 30-year period.
At the same time a twofold increase in the IHD death rate between 1901 and 1931 cannot be ruled out, since such an increase is well within the range of increase shown by our limiting definitions of IHD. It could be argued that the failure of either of the broad definitions to show an increase during this period was due to a rising IHD rate being obscured by a simultaneous decline in the death rate from rheumatic and other cardiac disorders. In the absence of reliable information on the relative frequency of ischaemic and non-ischaemic heart disease during this time no firm conclusion can be reached.
DIscUSSION
Previous attempts to demonstrate an increase in IHD mortality on the basis of death certificate information have been confined to studies using routinely published mortality data. No direct comparison can therefore be made between these earlier studies and that part of our investigation which was based on death certificate sampling and the examination of coroners' records. However, the rise in death rate which we have found to have taken place between 1931 and 1951 was, as already pointed out, reflected in the official Ontario figures for diseases of the heart and of the circulatory system. We may therefore reasonably expect to find evidence of a similar rise in the published mortality rates of other countries, unless this increase was a local phenomenon confined to Ontario.
An examination of mortality data from England and Wales reveals that there has indeed been an increase of similar magnitude in the death rates for diseases of the heart and circulatory system during the century but that it may have occurred earlier than in Ontario, between 1920 and 1940 . Campbell (1963a , working with crude rates (both sexes, all ages), found that the death rate from all diseases of the heart rose from 1,406 per 100,000 in 1920 to 3,416 per 100,000 in 1940. He recognized that there had been only minor changes in the international classification of causes of death during this time and went to some lengths to account for this increase in terms of a rise in the number of persons reaching middle age. This explanation is unconvincing, however, since there should be no increase in the death rate (per 100,000 living) at any age simply as a result of an increase in the total number of persons surviving to that age. Robb-Smith (1967) avoided the confusion inherent in the use of crude death rates by working with a limited age group, 45 to 75. Unfortunately, he did not separate male and female death rates, but nonetheless he also observed that there had been a large rise in the cardiac death rate in England and Wales between 1920 and 1939. Prior to 1920 the death rate from all diseases of the heart in this age group had been falling, but in the subsequent 19 years it rose from 212 to 511 per 100,000. After 1939 the rate was relatively stable, and Robb-Smith bases his conclusions that no real increase in IHD has occurred in recent years on the stability of this rate, pointing out that the apparent increase in IHD since 1939 is simply the result of changing terminology within the heart disease classification. However, he provides no real explanation of the change in rate between 1920 and 1939, dismissing it as consequent on procedural changes, although the changes which occurred about this time were minor and had little effect on total cardiac death rates (Campbell, 1963a, b) .
It may also be significant that in England and Wales the death rate from all causes fell steadily from 1900 to 1902, changed little between 1920 and 1940, and then resumed its downward trend (Morris, 1960; Robb-Smith, 1967) . This is compatible with the belief that the rise in death rate due to heart disease between 1920 and 1940 was not just a statistical artefact, resulting from a re-classification of causes of death, but that it was a real increase, substantial enough to interrupt the decline in total death rate from all causes.
In the United States the cardiac death rate during this century has risen less abruptly than it has in Ontario or in England and Wales. The age-adjusted death rate from all diseases of the heart rose from 177 per 100,000 in 1900, to 244 per 100,000 in 1920, to 340 per 100,000 in 1940 (Woolsey and Moriyama, 1948) . Since 1940 there appears to have been no further increase in these rates (Lew, 1957 Hypertension (1959) suggested that sudden death might provide a useful index of the frequency of ischaemic heart disease but recognized that more research was needed to test the validity of this approach.
There are several difficulties in using sudden death in this way. First, the definition of sudden death must be the same in the communities studied. Not only must the duration of final illness be clearly defined (Kuller, 1966) , but there must also be agreement on the degree to which death should be unexpected in order to be termed sudden. (For example, should a death be classified as sudden even though there is a previous history of severe ischaemic heart disease?)
A second difficulty, which has already been mentioned in connection with the rising trend of sudden death in Ontario males between 1901 and 1931, is the possibility that differences in the completeness with which sudden death is reported could give rise to apparent differences in the sudden death rate. Unless it is known for certain that reporting is complete (or is incomplete to exactly the same extent), comparisons in time or place could be misleading.
The third, and in some respects most serious, obstacle to the use of sudden death as an index of ischaemic heart disease is that it is based on the assumption that IHD is not only the most common cause of sudden death, but that the proportion of total IHD deaths which occur suddenly is fixed.
The first part of this assumption, that most sudden deaths are due to IHD, may well be true at the present time in developed countries (Spain et al., 1960) , but it may not have been true in the past, and may still not be true in some other parts of the world.
The second part of the assumption is also open to question, since it is theoretically possible that an environmental factor could, by altering the level of myocardial excitability, cause an increased incidence of sudden death from ventricular fibrillation and other cardiac arrhythmias. If the non-sudden IHD death rate remained unaffected by this change in myocardial excitability, there would then be a rise in the total IHD death rate and an increase in the proportion of these deaths which occurred suddenly.
Such a mechanism might well account for our recent observation (Anderson, le Riche, and MacKay, 1969 ) that in Ontario the sudden death rate varies inversely with the hardness of the local water supply, while the non-sudden IHD death rate does not appear to be related to water hardness.
A selective increase in sudden death due to cardiac arrhythmias has also been put forward as a possible explanation of the paradox that a rise in the death rate due to 'coronary thrombosis' may have occurred during this century without any comparable rise in the death rate due to cerebral thrombosis (Anderson and MacKay, 1968) . However, our present results suggest that this is an unlikely explanation of the increase in IHD mortality which occurred in this province between 1931 and 1951, since the trends in rate for total deaths and sudden deaths were parallel during this period (Figs. 1, 2 and 4 ). This suggests that there was not a selective increase in sudden death, but rather an overall increase in the incidence of fatal myocardial infarctions, among which the proportion of sudden deaths remained unchanged.
It would appear therefore that, by itself, sudden death may not be a reliable index of IHD mortality, although in a restricted population and over a limited period of time it can provide useful confirmatory evidence of trends in the IHD death rate based on diagnostic information.
SUMMARY
The evidence in favour of a rising incidence of ischaemic heart disease (IHD) during this century has been re-examined for men aged 45 to 64 in the province of Ontario.
To reduce the possibility that change in rate may reflect changing terminology rather than changing incidence, several definitions of ischaemic heart disease have been used, and rates have been based on samples of original death certificates rather than on official mortality tabulations. In addition, rates of sudden? death have been examined, using both death certificate information and coroners' records for the city of Toronto. Between 1931 and 1951 all three rates increased by at least 100%, suggesting that a genuine increase in IHD mortality occurred during this time.
The usefulness of sudden death as an index of ischaemic heart disease is discussed, and attention is drawn to the similarity between the rise in the cardiac death rate in Ontario between 1931 and that which occurred in England and Wales between 1920 and 1940 
